Summary. Vitellogenin was obtained from three year-old vitellogenic trout.
The apparent M, of the native form was 560,000 in gel filtration, whereas that of the monomer was estimated as 170,000 by sodium dodecylsulfate-polyacrylamide gel electrophoresis. Minor proteins were also detected (100,000-88,000-78,000).
The main components were protein (79%), and lipids (19 %), Carbohydrates accounted for 0.3 % when protein phosphorus and calcium each represented 0.7 % of total weight.
Phospholipids (70 % of total lipids) mainly consisted of phosphatidylcholine in which n-3 docosahexanenoic acid accounted for one-third of total fatty acids.
The results show the high levels of essential fatty acids in structural lipids which are known to be involved in embryo development. Introduction. Vitellogenin (VTG), the lipophosphoprotein synthesized during vitellogenesis by oviparous vertebrates, has been characterized in some fish species including rainbow trout (Hara and Hirai, 1978; Campbell and Idler, 1980;  Norberg and Haux, 1985) . The complex is generally isolated by precipitation. However VTG can be obtained by ultracentrifugation keeping the complex in a soluble form.
Previously (Fremont et al., 1984) we used sequential ultracentrifugation for comparing chemical composition and fatty acid distribution in VTG and plasma lipoproteins (d < 1.21 g/ml) obtained by the same procedure. However, it is quite possible that methods used for isolation change the properties of VTG, specially that related to the insolubility of the complex in aqueous solutions. In the present study we therefore compared some properties of VTG obtained either by ultracentrifugation (VTG U ) or by dialysis against bidistilled water (VTG,) .
In addition, we characterized the phospholipid moiety of VTG which is the main vehicle for the essential fatty acids involved in the embryonic development of trout (Leray et al., 1985 (Gilfillan et al., 1983) .
For quantitative analysis, a silica cartridge (25 mm x 10 mm) (SEP-Pack waters, Framingham, USA) was used to separate non-phosphorus lipids from phospholipids with 30 ml of chloroform followed by 5 ml of chloroform/methanol (Juaneda and Rocquelin, 1985) . Phospholipid molecular classes were separated by high-performance liquid chromatography (HPLC) using a Beckman apparatus. The column (10 x 250 mm) was packed with silica (5 N m ultrasphere-Si) ; the chromatographic system was programmed for elution using two solvent systems (Geurts Van Kessel et al., 1977) . System A: hexane/2 propanol/water (6-8-0.75 by vol.) and system B : hexane/2 propanol/water (6-8-1 .4 by vol.).
A linear gradient elution ranging from 0 to 100 % of solvent B was used for 10 min. The phospholipid extract (3-5 mg) was applied to the column in 500 N I of hexane/2 propanol (6-8 by vol. Calcium was determined by flame-emission-spectrophotometry (Eppendorf apparatus). In some assays VTG was mineralized at 550° for 12 h before quantification of the cation.
Results and discussion. (Wallace, 1970) and birds (Deeley et al., 1975 ; Verrinder Gibbins, Van de Voort and Braham, 1981 ) . The complex contained 0.7 % calcium ; thus the calculated atomic phosphorus ratio was 0.77 assuming that calcium phosphatidyl residues were not all bound to calcium. VTG lipids (19 % of total weight) consisted of phospholipids (70 %), triglycerides (22 %) and cholesterol (8 %). The distribution was similar to that previously reported for VTG obtained by ultracentrifugation (Fremont et al., 1984) and to that found by Norberg and Haux (1985) for VTG isolated by selective precipitation using M g 2+ .
As reported by Hara and Hirai (1978) , carbohydrates were present but they were minor components, comprising 0.3 % of VTG ; this content was lower than that of Xenopus VTG (Tata, 1976 (1980) , Hara and Hirai (1978) for trout. The major amino acids were alanine, glutamic acid and leucine. The molar ratio serine/protein phosphorus was 0.055/0.028, showing that about half of seryl residues were phosphorylated in trout VTG (it was possible that some threonyl residues were also phosphorylated).
When comparing the present results to those obtained by others, it appears that the distribution of the main components was similar, whatever the source of VTG : mature female trout (Hara and Hirai, 1978 ;  this study) estrogenized male trout (Campbell and Idler, 1980) , estrogenized juvenile trout (Norberg and Haux, 1985) or vitellogenic trout receiving an n-3 deficient or non-deficient diet (Fremont et al., 1984) . Moreover, analyses performed during the last 5 months before ovulation did not show any change in the proportions of protein and lipid classes (Riazi and Fremont, 1988) .
The present results support the hypothesis that VTG is secreted as a homogeneous complex having a definite distribution of molecular species during the course of vitellogenesis.
However, the level of some components, namely PUFA, only provided by diet, decreased when trout were fed a n-3 PUFA deficient diet during vitellogenesis (Fremont et al., 1984) . As phospholipids are the major PUFA vehicles in VTG, we determined fatty acid distribution in this class of structural lipids when diet supplied the required levels. Figure 3 shows the profiles obtained by TLC and HPLC, revealing the predominance of phosphatidylcholine which accounted for 83 % of the total phospholipids (table 3) . The fatty acid distribution in phosphatidylcholine (PC) and phosphatidylethanolamine (PE) is reported in table 4. It is clear that in both classes, total saturated fatty acids represented less than one third of the total fatty acids. Monounsaturated fatty acids (the main one was oleic acid) were minor components when PUFA accounted for almost half of the total fatty acids (47.6 % in PC and 44.4 % in PE). The n-3/n-6 ratio was 4.5 in PC and only 2 in PE.
In a previous experiment (Fremont et al., 1984) , the percentage of the docosahexaenoic acid (22 : 6 n-3) relative to total VTG fatty acids were in the same range in September (23 : 3) and December (25.4) when trout were fed an n-3 containing diet. By contrast a n-3 depleted diet had a lowering effect.
The present data show that PC is the main vehicle of this essential fatty acid. The amount can be estimated from VTG composition and PC percentages in the lipid moiety. By this calculation, the PC 22 : 6 n-3 accounted for 3.9 % of the VTG weight.
It is well known that fatty acid chains of phospholipids play a key role in the structure of lipoproteins of d < 1.21 g/ml (Segrest etal., 1974) . VTG is a peculiar lipoprotein since it is characterized by a strong hydrophobicity ; however, it can be expected that, in relation with the length and degree of unsaturation, the arrangement of phospholipids and proteins also depends on the spatial organization of the acid chains. Alterations in embryonic development observed when vitellogenic trout were fed a n-3 deficient diet (Leray et al., 1985) (Owen and Gillett, 1983 ; Owen, McIntyre and Gillett, 1984) . Moreover, it is quite possible that VTG PUFA modulate interactions between the complex and the plasma membrane of the oocyte and affect VTG incorporation since in trout, the yolk cycle presents the features of receptor-mediated endocytosis (Busson-Mabillot, 1984) . Therefore phospholipid PUFA directly involved in the metabolic utilization of VTG play a major role in the reproductive process.
Finally even if the distribution of molecular species in VTG remains constant, it is essential to regard the n-3 PUFA content of the phospholipid moiety when considering the nutritional aspects of trout reproduction. 
